We have demonstrated a high-performance low temperature solution processed electron selective contact consisting of 10 at% antimony doped tin oxide (ATO) and the neutral polymer polyethylenimine (PEI). Inverted organic photovoltaics (OPVs) utilizing ATO/PEI as electron selective contact exhibited high power conversion efficiencies for both the reference P3HT:
Introduction
The ability to fabricate ultrathin, lightweight, flexible and low-cost photovoltaics trigger the research community and industries in a depth investigation of organic photovoltaics (OPVs) during the last two decades. The power conversion efficiency (PCE) and the lifetime performance of OPVs are continuously improving. Recent progress in OPVs overcame the barrier of 10% certified power conversion efficiency. [1] In addition, the progress of the lifetime performance of OPVs during the last years resulted in OPVs with promising long term stability. [2] Development of high performance solution processed electronic materials is one of the key OPV product development targets since the application of roll to roll printing manufacturing determine the potential of OPVs for future low-cost next generation photovoltaics.
The development of inverted OPVs provided an interesting architecture [3] , since it allowed studying fundamental processes in organic bulk heterojunction architecture, including the vertical phase segregation of polymer / fullerene blends as well as the charge selectivity of the metal-oxide based carrier selective contacts. [3] [4] Metal oxides have been extensively used as n-type or p-type buffer layers in inverted OPVs due to their high transparency, relatively high conductivity, tunable work function and solution processability. Furthermore, the advantage of solution processing of these materials at low temperatures provide opportunities for low cost, reliable and roll-to-roll process up-scalable OPVs. Solution processed doped metal oxides with high transparency and conductivities could meet the requirements for reliable and up-scalable roll-to-roll printing process inverted OPVs since thicker buffer layers (100-200 nm) can be deposited without affecting significantly the device performance. [5, 6] SnO2 is an n-type, wide bandgap semiconductor that, when doped, can exhibit good transparency throughout the visible range of the solar spectrum and low electrical resistivity. Doped tin oxides are commonly used as buffer layers for a wide range of applications including solar cells. [7] [8] The first reported metal oxide interface modification for improving the performance of inverted OPVs included the incorporation of a polyoxyethylene tridecyl ether (PTE) interfacial layer between ITO and solution-processed titanium oxide [4] . More recently, Poly[(9,9-bis(3′-(N,N-dimethylamion)propyl)-2,7-fluorene)-alt-2,7- (9,9- Figure 1a shows the X-ray diffraction pattern for the tin oxide with 10 at% doped antimony.
Antimony Doped Tin Oxide Synthesis and Characterization
All the diffraction pattern shows characteristic tin oxide peaks with tetragonal structure (Cassiterite, Space group: P4 2 /mnm, unit cell: a = 4.738 Å and c = 3.187 Å, PDF #41-1445).
The average domain size of SnO2 crystallites calculated from Scherrer analysis of the (110) peak width is ~5 nm. It seems that Sb dopant does not form a second phase either in or with the SnO2. As shown in Figure 3a and A obstacle of inverted OPVs using metal oxides as electron transporting layer (ETL) is the light soaking effect, in which some metal-oxide buffer layers were reported to need UV light in order to be activated. [19] In the absence of UV light (light-soaking) OPVs that use metal oxides such as TiOx or ZnO in some cases were reported to present S-shape JV characteristics and poor electron selectivity resulting in low FF factor and PCE values [4, 14] . Solar spectrum includes UV radiation, and is well known that UV light is a factor that negatively affecting OPVs stability. To improve OPV lifetime encapsulation (packaging) of OPVs usually incorporate UV filter. Taking into consideration that an organic solar cell product will need the presence of a UV-filter as part of the packaging to prevent photo-oxidisation of the organic based active layer, light-soaking free carrier selective contacts are essential for the product development of inverted OPVs. It has been shown that in some cases this phenomenon can be mitigated with the use of doped metal-oxides. [5] In addition, SnOx was reported as light soaking free ETL. [20] [21] Figure 3c Figure 3c . These results provide a strong indication that the performance of the proposed ATO/PEI electron selective contact for inverted OPVs is not affected from UV-light and thus can provide light soaking free inverted structured OPVs. These results importantly shown that the proposed ATO/PEI electron selective contact can be effectively applied to highly efficient non-fullerene acceptor inverted structured based OPVs.
To further confirm the light soaking free inverted OPV device performance for the proposed ATO/PEI carrier selective contact illuminated JV characteristics of non-fullerene based P3HT: 
Materials and Methods

Materials:
Prepatterned glass-ITO substrates (sheet resistance 4Ω sq −1 ) were purchased from Psiotec Ltd., 
Device Fabrication:
The inverted OPVs under study was ITO/ETL/P3HT:PCBM/MoO3/Ag. ITO substrates were sonicated in acetone and subsequently in isopropanol for 10 min. The ATO solution was deposited by doctor blade at 70 °C and annealed for 10 minutes at 120 °C. The PEI interfacial layer was spin coated resulting in an ultrathin layer and annealed at 100 °C for 10 minutes.
Since the PTE interfacial layer in the range of 5 nm, the PEI processing step can be also considered as interface conditioning step of ATO. The PEI The active layer solution P3HT:PCBM was deposited on the ETL by doctor blade resulting in a film with a thickness of ~200 nm and annealed for 20 minutes at 140 °C prior to evaporation. Finally, 10 nm of MoO3 20 and 100 nm Ag layers were thermally evaporated through a shadow mask to finalize the devices giving an active area of 0.9 mm 2 . Encapsulation was applied directly after evaporation in the glove box using a glass coverslip and an Ossila E131 encapsulation epoxy resin activated by 365 nm UV irradiation.
Characterization:
The 
